Objectives: Cephalometric norms of McNamara analysis have been studied in various populations due to their optimal efficiency. Dolphin cephalometric software greatly enhances the conduction of this analysis for orthodontic measurements. However, Dolphin is very expensive and cannot be afforded by many clinicians in developing countries. A suitable alternative software program in Farsi/English will greatly help Farsi speaking clinicians. The present study aimed to develop an affordable Iranian cephalometric analysis software program and compare it with Dolphin, the standard software available on the market for cephalometric analysis. Materials and Methods: In this diagnostic, descriptive study, 150 lateral cephalograms of normal occlusion individuals were selected in Mashhad and Qazvin, two major cities of Iran mainly populated with Fars ethnicity, the main Iranian ethnic group. After tracing the cephalograms, the McNamara analysis standards were measured both with Dolphin and the new software. The cephalometric software was designed using Microsoft Visual C++ program in Windows XP. Measurements made with the new software were compared with those of Dolphin software on both series of cephalograms. The validity and reliability were tested using intra-class correlation coefficient. Results: Calculations showed a very high correlation between the results of the Iranian cephalometric analysis software and Dolphin. This confirms the validity and optimal efficacy of the newly designed software (ICC 0.570-1.0). Conclusion: According to our results, the newly designed software has acceptable validity and reliability and can be used for orthodontic diagnosis, treatment planning and assessment of treatment outcome.
INTRODUCTION
Cephalometric analysis is an important diagnostic tool for evaluation of dentofacial morphology. It provides a clear image of the skeletal changes that occur in the process of growth and treatment of patients. 
, and therefore it establishes the true physiological horizontal plane. NHP has been found to be highly reproducible in adults and children, males and females, Caucasians and non-Caucasians, with a variance of only about 4°. Although NHP is not as precisely reproducible as orienting the head to Frankfort plane, the potential errors from lower reproducibility are smaller than those of accurate head orientation [1, 2] .
McNamara analysis is also a very practical, applicable test that can be used by orthodontists for communication with colleagues, and for the definition and description of the structural relationships that are fundamental for diagnosis [3] [4] [5] . Significant differences exist in cephalometric standards among different ethnicities and the available cephalometric analysis software programs have all been designed based on standard norms of other ethnicities. It may be beneficial for an ethnic group to have its own specific database due to ethnic differences. Qazvin and Mashhad are mainly populated with Fars ethnic group. Moreover, the software is available only in English and is expensive. Thus, there was a clear need for a software program specifically designed for Iranians for the above-mentioned reasons [6, 7] . 
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The present study aimed at designing a cephalometric analysis software program that could be comparable to Dolphin Imaging Software for the conduction of McNamara cephalometric analysis. The null hypothesis of this study was that the validity and reliability of our software would be the same as those of Dolphin.
MATERIALS AND METHODS
In this descriptive diagnostic study, a software program was designed based on the evaluation of 85 existing lateral cephalograms of patients residing in the city of Qazvin (42 females, 43 males) and 65 cephalograms of patients living in Mashhad (32 females and 33 males). These cephalograms were all obtained in NHP. To position the patients' head in NHP, the subjects were asked to stare at the reflection of their own eyes in the mirror, placed at 5 feet from the cephalostat. This was true for both locations to reduce bias.
A total of 150 lateral cephalograms were traced by orthodontic instructors in Qazvin and Mashhad universities of Medical Sciences in a previous study. We obtained their results by first asking permission of the researchers of the aforementioned project [7, 8] . Validity of Dolphin was approved by comparing its norms with those of hand-traced cephalograms [11] . The inclusion criteria of the patients were: normal occlusion (according to Moyers definition), proportionate facial profile (according to a panel of 2 orthodontists and 1 dentist), full dentition (except for third molars) and no history of previous orthodontic treatment or maxillofacial surgery. The new software program was designed using Microsoft Visual C++ for Windows. The distance between two points was first calculated in pixels and then the user specified a 1-cm distance on the image and the distance in pixels was converted to millimeter (local patent number: 72900). Table 1 . McNamara cephalometric landmarks [3, 4] Na-A distance Perpendicular distance between point A to Nasion Pog-Na distance Perpendicular distance from Pogonion to Na Table 2 . McNamara cephalometric analysis variables [4, 5] Obtained cephalograms were scanned by Microtek ScanMaker i800 scanner, 48-bit color and traced first by using Dolphin Imaging Software (version 10.5, Canoga Park, CA) ( Figure 2 ) and then by the designed software ( Figure 3) . A dentist performed both tracings. The tracings were re-evaluated by an expert orthodontist and any error in identifying the landmarks was checked and corrected. Cephalograms based on NHP were analyzed using 10 linear and 3 angular variables from McNamara cephalometric analysis (Tables 1  and 2 ). The reliability of the understudy variables was measured to assess intra-examiner error; which was found to be 0.973-1. Cephalometric measurements made by the designed software were compared with those of Dolphin software using intra-class correlation coefficient (ICC). Type I error () was defined as 0.05 and thus, P<0.05 was considered statistically significant.
RESULTS
When comparing the new software with Dolphin Imaging Software, the obtained results revealed highly reliable values for cephalometric analysis of patients residing in Qazvin city ( Table 3 ). The ICC was between 0.562 for U1-A to 1 for most of the variables such as Pogonion-Nasion in females, mandibular length, lower anterior facial height and also for male midfacial length. Measuring the distance from the upper incisor to vertical line through point A (U1-A) was found to be the least reliable mainly due to the difficulty in landmark identification of point A. When comparing the reliability of the two software analyses, high correlations were also found in most of the cephalometric variables of Mashhad patients in the newly designed software ( Table 4 ). The maximum and minimum reliability values were 1 and 0.815, respectively. The minimum value was again found for the distance between the upper incisor and vertical line through point A because of difficulty in finding the accurate position of this point and the tracing error. The maximum reliability was found in most of the variables such as lower anterior facial height and mandibular plane angle. Also, we did Bland-Altman analysis for one of the variables, SNA Angle, in Qazvin city samples. The graph displayed a scatter diagram of the differences plotted against the average of the two measurements. It is apparent from the graph that the means of both techniques are close to zero and most of the line lies within the confidence interval level and the points do not present any systematic error ( Figure 4 ).
DISCUSSION
In this study, a total of 150 lateral cephalograms of patients with normal occlusion and skeletal relationship were selected from the archives [7, 8] . The sample size was calculated by a statistician. Cephalograms were all scanned with the same scanner to eliminate any possible error. Tracing and analysis of cephalograms were performed by a dentist and re-evaluated by an orthodontist; this significantly diminished landmark identification errors. In the present study, McNamara cephalometric analysis norms were used to design a software program for cephalometric analysis of Fars subjects. The cephalograms were taken in NHP, which is essential for cephalometric analysis because an extra-cranial reference line is used instead of an intracranial reference line. Landmark identification for point A was much more sophisticated than for other landmarks. The lower ICC for U1-A demonstrated this fact and higher reliability was found for Mashhad residents because their cephalograms were obtained by the digital imaging system while cephalograms of Qazvin residents were taken by the conventional imaging systems. Therefore, it seems that our designed software has sufficient accuracy and reliability for diagnosis, treatment planning and assessment of the outcome of orthodontic treatments for both digital and conventional radiographic systems (cephalograms). Application of McNamara cephalometric analysis has several advantages. This analysis is mainly based on linear calculations; this is especially beneficial for treatment planning for orthognathic surgery. McNamara analysis has higher sensitivity for vertical changes compared to the analyses based on ANB angle [9, 10] and therefore can be successfully applied during growth periods. Furthermore, McNamara analysis is based on NHP and thus, patient position error is eliminated leading to higher reliability [3, 4] . Previous studies have demonstrated the accuracy of cephalometric analysis with Dolphin software compared to the manual technique [11] [12] [13] . Ozsoy et al. studied 30 lateral cephalograms and compared the accuracy of Vistadent O.C1.1 software measurements with that of manual measurements. Assessment was performed in two phases of pre-and posttreatment. Statistically, significant differences were found in SNB, Cd-A, Cd-Gn, L1-NB and U1-NA after treatment in both manual and software calculations. [23] . The current study confirmed the accuracy and reliability of our designed software in comparison with Dolphin software. This software is less expensive than similar software programs available in the market and therefore, can greatly reduce the related expenses for orthodontists practicing in Iran.
CONCLUSION
The cephalometric analysis of the newly designed software had a high correlation with Dolphin Imaging Software, signifying the high accuracy and reliability of our software (ICC=1). The advantages of our designed cephalometric analysis software include faster analysis and adjustment of magnification, density, contrast, and image quality in comparison with the manual technique, as well as lower cost in comparison with Dolphin software, facilitating diagnosis, treatment planning, and prediction of treatment outcome. This new software can be considered as a substitute for Dolphin software, which is not easily accessible in developing countries mainly due to financial restrictions.
